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MODERN SILO CONSTRUCTION
J. B. DAVIDSON ' M. L. KiNG
INTRODUCTION TO T H E  SECOND EDITIO N.
The unusual demand for Bulletin ioo, the first edition of 
which has been exhausted for some time, would indicate that 
silo construction is of great interest to the farmers of Iowa and 
adjoining states. There are no important changes in this edi­
tion It is possible, however, at this time to give more definite 
information in regard to the Iowa silo, constructed of vitrified 
clay blocks or building tile, the design of which was presented 
for the first time ini the first edition of this bulletin. Special 
attention is invited to this new type of silo, as it has developed 
further and has been found to possess more merit than at first 
conceived by the authors.
The importance and value of the silo in furnishing succu­
lent food for dairy cows and other farm animals is now being 
more generally appreciated. Only a trial is necessary to con­
vince stock raisers in the corn belt that silage is an economical 
feed for the production of beef as well as for the production of 
milk. Silage when included in the ration for steers makes it 
more palatable, and in this manner is an active agent in bring­
ing about more rapid gains. Also, in many cases well pre­
served silage has been found a cheap and successful feed for 
sheep, swine and horses.
It is not the purpose of this bulletin to discuss the value and 
merits of silage as a food for live stock or its use in preserving 
immature crops. Other bulletins on these subjects will be pub­
lished soon by other Sections of the Experiment Station. The 
increasing number of silos constructed in Iowa each year, the 
need of many more silos, and the demand for information per­
taining to their construction, has been the occasion of an inves­
tigation of the success and construction of the various types of 
silos now in use. This bulletin is largely the result of that 
investigation. It was learned that many of the failures with the 
preservation of the silage was due to improper construction of 
the silo. In many instances these failures have discouraged 
and postponed the introduction of silos. In addition to an in­
vestigation of existing silos, a design of a new type of a silo 
constructed of common building tile is submitted, with design« 
of forms for constructing the door frames of this tile silo and 
concrete silos of concrete, dispensing with the use of wood 
entirely.
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METHOD OF INVESTIGATION.
T o  obtain  definite and reliable inform ation in regard to  the  
silos now  in use in the state, a circular letter was prepared and 
sent out to  the ow ners of silos as far as their nam es could be 
obtained. T he inform ation obtained in this w ay has proven- 
very valuable and the w riters w ish  to  extend  their thanks to  
th o se  w ho have kindly cooperated  by answ ering th ese letters  
of inquiry. T h is cooperation  was n ot on ly the m eans of se ­
curing inform ation con cern in g  the construction  o f silos, but 
also concern ing the su ccess of silage feeding.
F o llow in g  is a condensed  list o f the questions asked per­
tain ing  to  the construction  o f s i lo s :
Location of Silo: Inside barn........................Outside barn.......................
Is there a passage way between silo and barn. Y es.......... N o . . ; . . .
Name and kind of silo .............................................. ........... .................
Name of manufacturer.................. . . ......... ....... .....................................
Date of erection............ ............... .......................... ............................ .
State of Preservation: Good___R otting.. .  .Racking... .Cracking.. . .
Shape: Round.......... ...........Octagonal.......................Square................ ..
Form of Bottom: F lat...................... Rounded up sides.............
Size: Height above ground............ .......................... .....................................
Depth below surface of ground...................................................................
Diameter ........................................................... ....... ......... ^  .
Material:
Body: Wood---- -- Stone..........Brick...........Concrete..........Steel. . . . .
Floor: E arth .. ................... ................Cement................ . .......... ..
Foundation: Stone................... Brick....................Concrete....................
Roof: Has silo a roof?................Shingles................. Iron or tin .........: . . .
Prepared paper or f e lt . ................ ............... Boards............... .
Construction:
Foundation: Depth___Width of footin g... .Thickness of wal l . . . .
Inner Walls: Thickness of lumber............Number of layers.............
Number layers paper, if any . . . . . . ........................ ................... —
Are walls ventilated............................................  .............................
Studding: Dimensions.......... ..................... Spacing. . . . . . . . . . . . . . . . .
King of Steel used for hoops or reinforcing: Round.........................
F lat....................Wire.................. .........................Size............. ....... Spacing
Doors: Number.. ; .............. .W idth........................Height.......................
T h i c k n e s s . ..................Layers of lumber used;................... ..
Cost of Silo: (Itemize as fully as you can conveniently.)
Material: . . . . . . ................................. / ............ ...............................
Labor :
Changes and repairs: ........ ............................... ..................... .......... ... ;.
In addition to the above questions, others were asked in 
regard to the success in preserving the silage, method of seal­
ing the silo, cost, method and machinery used in handling the
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silage, the success of feeding it to various farm animals, and 
the ration fed. The data obtained in this way will be pub­
lished in subsequent bulletins. ' - , .
At the time the first edition was prepared, reports had been 
obtained from 130 silos in Iowa and 31 in other states. Since 
that time special investigations have been made of the use 01 
tile blocks for silos and similar construction, the steel silo, the 
cost of maintaining and repairing silos, and the durability of 
the various types. The results of these investigations will be, 
referred to at various points in the bulletin. The cost of con­
crete and tile block silos has been accurately determined from 
actual construction. In addition to the information obtained 
in this way, the Experimentalist of the Section spent over ten 
weeks last year making a personal investigation of silos in 
use, not! only in Iowa, but also in the older dairy districts of 
Illinois, Wisconsin, and parts of Michigan. During this time 
112 silos of various types were carefully examined^ and since 
then many more have been visited. The information in this 
bulletin is based principally upon practical conditions as they 
now exist.
Fig. 1. Two Green Mountain Stave Silos at ttie Dairy Farm, Iowa State College
THE APPEARANCE OF THE SILO.
The silo may be made an ornament to any group of farm 
buildings. Its form is such that it may be made to add to the 
appearance of any style of construction. One or more conical 
silo roofs when viewed from a distance; or the full height of 
the curved walls at a closer range, gives a very pleasing effect 
when placed in a setting of rectangular buildings. This im­
pression is entirely independent of the great value of’ silage as 
a feed and is pleasing to such a degree that a prospective pur-
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chaser, in making a close decision, would be influenced to a 
far greater extent than the original cost of the silo.
Figure I is a view of the hew dairy bam at Iowa State Col­
lege showing two stave silos and the manner in which they 
add to the appearance of the adjoining buildings.
Fig. 2. Plan oi the Silos of Fig. 1 showing a Convenient 
Arrangement for Feeding
THE LOCATION OP THE SILO.
Of the silos reported by their owners or visited, 135 were 
located outside of the barn and 26 inside. Those located inside 
of a building were largely of a type not well adapted to be 
placed outside. These reports indicate that a location of the 
silo outside of all buildings meets with greater favor among 
those using silos. There are good reasons for this. First; 
thr silo with the exception of a few types, is of such a con­
struction that it does not need the protection of a covered 
building. Second; it is not economical to place a silo in a build­
ing where it will occupy space which may be put ¡to other 
use. Third; a silo located inside of a building is often un­
handy to fill. The forage cannot be delivered to the cutter 
conveniently. Fourth; by locating a silo outside of the build­
ing and only connecting it thereto with a passage provided 
with doors, the objectionabe odor of the silage may be kept 
out of the building. By arranging the silo so as to be con­
nected to the feeding room with a feed way, it should be as 
convenient for feeding as when located in the building itself. 
A  very common arrangement is to so locate the silo that the 
passage way from silo to barn is a continuation of the feed 
way in the barn. In general, it seems that there are few ad­
vantages in building a silo inside of a building and many in 
building it outside. There are types of barns, the large round 
barn for instance, which are of a form making it possible for 
a silo to be conveniently located at the center.
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ESSENTIALS OF CONSTRUCTION.
The fundamental principle in the preservation of green 
forage when placed in a silo is the exclusion of air. It is the 
purpose of any silo regardless of its c°nstrertion to exclude 
air as far as possible from the silage and in this way prevent 
decay. To prevent the air from reaching the silage all silos 
must have air tight walls. These must be rigid enough not to 
be sprung out of shape by the pressure of the silage, permit­
ting air to enter next to the wall. Not only the walls but the 
doors also, must be perfectly air tight. To accomplish this 
they should be well fitted and the joints made more perfect by 
felt pads or gaskets. It is good practice where the sdodoor 
sets against a shoulder, to place clay worked into the consist­
ency of putty in the joint. The clay is placed on the bearing 
surface and the door placed over it and when the pressure of 
the silage comes against the door an air tight joint is obtained. 
Tar paper is successfully used by some silo owners either m 
strips to cover the cracks around the doors or in widths suffi­
cient to cover the entire door and lap a few inches on the silo 
walls.
In addition to being air tight the silo wall must prevent the 
loss of moisture from the silage. Porous walls, which sap the 
juices from the silage and transfer the moisture to the outside 
of the wall where it will be evaporated, cause the silage to 
become dry and moldy for a considerable distance  ^inward. I 
porous material is used for the wall, some provision must be 
made for sealing it and making it water tight. In masonry 
silos a plaster coat of rich mortar may be used successfully. 
A cement wash will often be just as satisfactory, and a coat 
of coal tar has been used successfully in the same way. Con­
crete silos have been known to preserve the silage more per- 
fectly after two or three fillings, a fact which may be accounted 
for by a gradual sealing of the walls by material from the 
silage.
SMOOTHNESS OF WALLS.
Not only should the walls be tight and rigid, but they should 
also be perfectly smooth on'the inside to permit the silage 
to settle without forming air pockets, which cause a certain 
amount of the adjoining silage to rot. Several foundation 
walls were found constructed as shown at the left  ^of Figure 
3, and in each case a considerable amount of spoiled .'silage 
was found at the shoulder made by the wall. The foundation
9
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/ \
Fir. 3. Correct and Incorrect Methods of Constructing Silo 
Foundations
wall, and in fact the walls of the entire silo, should be as 
smooth as possible. If due care is used in tramping the silage 
during the filling, doors which extend into the silo are not a 
serious objection, though perfecty flush doors are certainly an 
advantage. A  vertical wall is the only satisfactory wall to use, 
as a wall inclined outward will support the silage to a certain 
extent and prevent it settling satisfactorily, thus creating air 
pockets. When the wall is inclined inward the silage will set­
tle away from it. In the case of concrete silos with tapered 
walls, these should be vertical on the inside.
The quality of silage improves as the depth increases, due to 
the weight above. The usual silo today is 30 or more feet 
deep. A  larger percentage of mouldy and otherwise inferior 
silage is found near the top of a silo than at the center or near 
the bottom, proving that a certain weight is necessary to com­
press the silage and exclude the air so ais to insure its perfect 
preservation. By building a deep silo a greater percentage of 
good silage is obtained, which is, of course, a matter of econ­
omy. Good practice at present seems to dictate that the depth 
should be at least 30 feet. Some limitation in height may be 
necessary in silos of light construction on account of the wind 
or the strength of the walls to resist crumpling, but in masonry 
silos greater height than the average is advisable. A  large 
percentage of good silos are built considerably deeper, even 50 
to 60 feet. In the discussion of foundations, it is stated that 
they should extend below the frost line. If the earth inside
THE SIZE OF THE SILO.
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the foundation wall is excavated to this depth and the floor 
placed on a level with the footings, a very cheap add.tion to 
the silo is secured without increasing the height ™  *  
above the ground. Beyond a certain depth the difficulty m 
removing the silage is so great as to, more than ba|2"“  
economy of securing additional space in this way. Three or 
four feet up to the first door is not considered objectionable.
The capacity of a silo varies as the square of the diameter 
while the wall surface varies directly as the diameter. Th 
means that as far as capacity is concerned the ^  sg  
be of as large diameter as possible. But there axe 
ing factors involved. When silage is left exposed to the air 
for a short time, more than a day, it spoils. Enough must 
be removed daily so that it will keep fresh. In well settled 
silage, the air does not penetrate much over an inch, and if 
lU  to 2 inches are fed from the surface daily the silage will 
remain fresh. In warm weather the spoiling will take place 
much more rapidly than in cold weather, requiring that silage 
be removed from the surface to a greater depth each day in 
order to keep it fresh. It has been noticed also that air pene­
trates into loose dry silage farther than it does into that which 
is moist and compact. Thus, it is seen that under some cir­
cumstances an inch might be sufficient, but in order to have 
fresh silage under all circumstances the silo should be of such 
size that approximately two inches will be fed from the surface 
each day. After silage has been placed in thej silo theres is 
more or less settling, the amount of which will depend on the 
condition of the silage and the amount of tramping it is given 
when the silo is filled. Under average conditions, the settling 
will amount to about one-sixth or one-fifth of the total depth. 
Where one silo is used, it should be of such a depth to provide 
silage for the feeding season by removing the necessary amount 
each day. Thus if the silo has thirty feet of silage in it after 
settling, it will provide silage for 180 days or six months by 
removing two inches from the surface each day.
Table I, which follows, gives .the capacity of various sizes 
of round silos and the amount which must be fed daily to lower 
the surface about two inches per day. This table of capacities 
is based upon the observation of Professor F. H. King, of 
Wisconsin, and assumes that the silage is made of well ma­
tured corn and that after the silo has been filled and allowed 
to settle for two days, it is refilled to the top. The amount 
which should be fed daily is based upon an average weight of 
40 pounds pen cubic foot. By examining the table the econ­
omy of increasing the depth of the silo is observed. A  silo 16 
teet in diameter and 30 feet deep will contain 119 tons of silago
11
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while if its depth be 40 feet, it will contain 180 tons, or one- 
half more.
TABLE I. CAPACITY OP ROUND SILOS.
Inside | 
Diameter Height
Capacity
Tons
Acreage to fill. 
15 tons to the 
acre
Amount that 
should be fed 
d a i l y .  Pounds
10 28 42 2.8 525
10 30 47 3. 525
10 32 51 3.4 515
10 34 56 3.7 525
10 38 65 4.3 525
10 40 70 4.6 525
12 28 61 4.1 755
12 30 67 4.5 755
12 32 74 5.0 755
12 34 80 5.3 755
12 36 87 5.8 755
12 38 94 6.4 755
12 40 101 7.3 755
14 28 83 5.5 1030
14 30 91 6.1 1030
14 32 100 6.7 1030
14 34 109 7.2 1030
14 36 118 7.9 1030
14 38 128 8.5 1030
14 40 138 9.2 1030
16 28 . 108 7.2 1340
16 30 119 8.0 1340
16 32 131 8.7 1340
16 34 143 9.5 1340
16 36 155 10.3 1340
16 38 167 11.1 1340
16 40 180 12.0 1340
18 30 151 10. 1700
18 32 166 11. 1700
18 34 181 12. 1700
18 36 196 13.2 1700
18 38 212 14.1 1700
18 40 229 15.26 1700
18 42 246 16.4 1700
18 44 264 17.6 1700
18 46 282 18.8 1700
20 30 187 12.5 2100
20 32 205 13.6 2100
20 34 224 15.0 2100
20 36 243 16.2 2100
20 40 281 18.8 2100
! 20 42 300 20. 2100
20 44 320 21.3 2100
20 46 340 22.6 2100
20 48 361 24. 2100
20 50 382 25.5 2100
The Animal Husbandry Section has furnished the following
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table in regard to the approximate amount of silage required 
per day for various kinds of stock.
TABLE II. AMOUNT OF SILAGE FED PER DAY.
' — | Daily Ration
Kinds of Stock Pounds
Beef Cattle— 15 to 25 
30 to 50
20 to 30 
12 to 20 
30 to 50
3 to 5
2 to 3
3 to 4
Fattening Beef Cattle 18-22 months old—
Sheep—
The preceding table in connection with TabR I may be used 
to determine the size of silo needed to fulfill various conditions. 
For instance, if the silage is to be fed to a herd of forty dairy 
cattle at the rate of 40 pounds per head per day, a silo 16 or 
18 feet in diameter will be satisfactory.
THE DESIGN OP SILOS.
In the Eighth Annual Report of the Wisconsin Agricultural 
Experiment Station, Professor F. H. King gives the results 
of investigations to determine the pressure of silage against 
the silo wall. It was found in these experiments that the 
pressure of silage upon the silo wall increased with the depth 
and was equal to 11 pounds per square foot of each foot of 
depth. Thus at a depth of 20 feet, the bursting pressure in a 
silo is 220 pounds per square foot, and at a depth of 35 feet 
the pressure would amount to 385 pounds. A  careful investi­
gation of modern practice has proven that an allowance for 
this pressure is sufficient. As the cost of steel hoops or rein­
forcement to provide for this pressure is not excessive, fur­
ther work along this line does not seem to be necessary. In 
an investigation of several failures of hoops of stave silos, it 
was found in each case, that their rupture was due to excessive 
swelling of the staves or to faulty material or workmanship in 
threading the ends of the hoops.
In stone, brick and concrete silos, there is, however, some 
doubt as to whether it is necessary to provide enough steel to 
carry the entire bursting pressure of the silage. Many con­
crete silos are now standing and in successful service with much 
less reinforcement than that required by an assumed pressure 
of eleven pounds per square foot per foot of depth. This is 
due to the fact that the wall independent of the steel is able to 
resist a part of the bursting pressure.
Plate I gives the amount of steel required in cylindrical silos
13
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to carry a bursting pressure of n  pounds per square foot per 
foot of depth and it is based on a safe tensile strength of 
20,000 pounds per square inch for the steel.
GrQSs^ectiona^Areq of^Steel _ Ml l n
Murid ber; of ¿i incHi Square Bdrs>-i , : »} j 1 io|
Nurjdbetfof 4' inch Round Rods i jnl
Nuryibet; of |j inoljd Rcjund Rods
Nurhberiof-»fincHi Rdund Rodst . 4 I I I! ! —
J^ L
Nuifiber of # inch Rcjund; Rous
Numbed of J  inch Rdund Rods4 iSL -hi
Strbnds of Nd.9 VVirei
Strands of Barb vVirej- 2,-No. l£ Wirresl. !«oi i. . ¡21 , , I- 1 V
Gross-sectlonal Area of Steel per Vertical foot of 
Wall in Hundredths of a Square inch
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In any cylindrical tank designed to resist bursting, the total 
pressure tending to rupture a section of the tank varies as 
the pressure and the diameter. If the diameter is uniform  ^from 
top to bottom, the stress tending to burst the walls varies as 
the pressure. Thus in a silo where the pressure increases with 
the depth the size of the hoops or reinforcement required at 
the top is small but must increase with the depth. Plate I 
shows in a concise form the cross-sectional area or steel re­
quired in silos from ten to twenty-four feet in diameter for the 
top foot and each successive foot until a depth of 50 feet is 
reached. The chart should be held so that the title “ Plate 
I” will be at the right. Then, if the point is noted where one 
of the heavy diagonal lines representing a silo diameter inter­
sects a horizontal line representing the depth of the silo, the 
area of the steel required to resist the bursting pressure on a 
section of the silo wall one foot wide will be found on the 
scale directly below.
If the depth chosen is the mean depth of a 3-foot section, 
or if the bands of steel are placed 3 feet apart, three times the 
area of the cross section obtained should be used. At the top 
of the chart directly above the point of intersection, the num­
ber of strands of wire, bars and rods of common dimensions 
required may be obtained. For example, suppose it is desired 
to determine the reinforcement of a section of a 20-foot silo, 2 
feet and 6 inches wide and located at a mean depth of 20 feet 
from the top. From the chart it is found the line representing 
the silo diameter intersects the 20-foot depth line directly over 
0.11 on the lower scale. This times 2^4 or .275 is the area 
of the steel required. From the scales above, it is found that 
this is equal to 16 No. 9 wires or nearly one ^-inch round 
rod. For other sections the reinforcement may be found in 
a similar manner. The sizes of hoops and steel reinforcement 
required by the chart is conservative, averaging a trifle 
stronger than practice but is not wasteful of steel. In small 
stave silos more steel is generally used while in large stave 
silos less steel is used. This is due largely to the manufac­
turer’s desire to use a uniform or standard size of hoops for 
all sizes of silos. In hoops with threaded ends it should be 
remembered that the thread reduces the cross-sectional area 
of the rod and its strength.
Some vertical reinforcement for concrete is generally recom­
mended, although if the horizontal reinforcement is not spaced 
too^  far apart it seems to be of doubtful importance as no 
serious stresses are to be overcome in this direction. When 
used it consists of about one ^-inch rod spaced from 18 
inches to 3 feet around the wall. The foregoing statement
15
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does not apply to the sides of the door openings, which should 
be carefully and thoroughly reinforced.
FAILURE OF CONCRETE SILOS.
Often more can be learned of a class of structures from a 
failure than in any other way. As far as possible, all silo 
failures were investigated. The silo shown in figure 4 was 
visited and the details connected with its failure obtained. 
This silo is used by a canning company to preserve the pea
Fig. 4. A Large Concrete Silo Which Failed
vines which would otherwise be a waste product. It is 60 feet 
in diameter and 40 feet deep. The walls are 19 inches; thick 
at the bottom and 13 inches at the top. The reinforcement 
consisted m ^-inch round steel rods, spaced 18 inches apart 
at the bottom and so spaced above that 22 rods were used in 
the entire wall. There is an excess of juice in pea vines and 
m order to prevent an accumulation of this and a consequent 
excessive internal pressure, a large drain was placed at the 
center of the silo. This drain for the first two years accom-
16
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plished its purpose, but upon the third filling it ^ “ Jne1f lof ge^  
allowing: the juices to accumulate to a depth of at least 20 
feet By calculation it was determined that the b a t in g  Pres­
sure in the silo due to 20 feet of juice was more than, do“ ble 
the strength of the steel reinforcement in the wall for the bot 
tom 18 inches. This shows conclusively that the concrete was 
not at fault and this instance cannot be used as an argument 
against the concrete silo. If the silo is filled with corn that 
is properly matured, the above conditions cannot occur.
Another concrete silo was found which was giving only par­
tial satisfaction. The wall was very soft and crumbly due to 
the poor quality of the sand and gravel used, which contained 
a considerable amount of clay. The mixture used was one 
part of cement to seven of gravel, which was not sufficient 
cement. Another interesting mistake was m the reinforce­
ment, consisting of ^-inch cables which had been wound 
around a drum and took a spiral form when placed in the 
wall. When the tension came on the cable due to the pres_ 
sure of the silage, they straightened, pushing slabs off the side 
of the wall. To avoid such results the reinforcement should 
conform as nearly as possible to the circle of the silo.
Fig. 5. An Object Lesson in the Anchoring 
of Silos and Keeping the Hoops Tight. I
Fig. 6. A Barn Near the Silo of Fig. 5 
Which Was Not Affected by the Wind.
anchoring silos.
Stave silos or those of light construction, if located so as 
to be exposed to the force of high winds, should be anchored 
securely Figure 5 shows an unanchored stave silo shortly 
after awind storm* such as is liable to come any time during 
the summer when the silo is empty. The ends of .the short 
staves, joined as shown in_Figure 21, as well as the tongues o 
the staves, were badly split as the result of falling. FTot only
17
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was the silo damaged much in falling, but the expense of re- 
erecting was considerable, amounting to over $60. Figure 6 
is a picture of a shed adjoining the silo of Figure 5, into which 
the wind blew directly and which was not damaged in any 
way. It is given as evidence that the wind was not unduly 
severe at the time the silo was blown over. If the silo had 
been anchored, it would have stood as well as the shed. Silos 
ftiay be anchored by rods bolted to the lower part of the silo 
and extending into the foundation. Another more satisfactory 
way to anchor is by the use of guy wires as shown in figure 
23. Some manufacturers advise that these extend from the 
top of the silo to the foundation, but it seems preferable to 
attach the guy wires to an adjoining building or to posts some 
distance from the silo. These guy wires should be so pro­
tected that stock cannot run into them.
THE FOUNDATION.
The foundation of any permanent building should be con­
structed of durable material, should be of sufficient size to 
carry the weight of the building, and should extend below the 
frost line. The merits of stone and concrete for a foundation 
are so well and favorably known that no general discussion 
of these materials is deemed necessary. Cement mortar rather 
than lime mortar should be used in laying up all stone foun­
dations Furthermore, it is not deemed good practice to fill 
a trench with stone of various sizes and pour mortar over 
them. It is better to first put in the mortar and then burv as 
many stones as possible in it.
The practice of digging a trench and filling with concrete 
i? not recommended unless the soil is firm and of such a nature 
that it can be finished up smoothly. A  tar or building paper
V  ? Sed t0 me %  trenches in porous soils. It is 
difficult to plaster concrete which has come in contact with the 
! ! ‘ ^ e x te n d in g  a part of the silo below the surface the
r r ip  I f f  m S f l  a Part of the inner form. The’con-crete to be durable and economical should contain onlv clean
o n t dK StT u  graVel and Sand> Brick f°undationsyshould
«n L h ,  hard blf ned brick Iaid in cem ent m ortar and when  so  built are considered satisfactory.
foundation should have such an effective bearing- sur
i J suSrfa0ceP o r 7 r te a no5f afPP".e d a “ e settlin?- %  effective bear-
15 meant the area of that part
foandafon. The we.ght on the foundation is practically only
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that of the wall and roof. For a concrete silo under 50 feet 
in height, the width of footing need not be over two to four 
times as wide as the thickness of the wall for any kind of 
soil except soft clay or quicksand. A  convenient shape for 
this footing is shown in Plates III and V.
The width of the foundation wall should usually be some­
what greater than that of the side walls on account of the ac­
tion of the frost. For lighter types of silos a 6 or 8-inch foun­
dation wall with a 12-inch footing will be sufficient except for 
the two kinds of soil mentioned above. Many foundation walls 
for silos fail due to uneven settling. When wire or scrap iron 
of any considerable length may be had at little cost, it may 
be profitably placed in the footings to prevent the formation 
of cracks.
This subject is of great importance and should receive more 
consideration than is usually given to it in the construction oi 
farm buildings, and especially of masonry silos. Any soil will 
support a greater load when dry than when wet. This is es­
pecially true of clay. The heaving action of frost is due en­
tirely to the moisture contained in the soil, which expands 
with an almost irresistible force upon freezing. For these con­
siderations, unless the foundation lies in dry, well drained son, 
a drain tile should be used to remove the ground water. To 
assist the water in getting into the drain, the foundation and 
floor may be placed upon a bed of gravel or cinders. Plate 
V  shows where the tile may be located, and also a bed of 
gravel for facilitating the drainage. If gravel or cinders are 
used, they should be well tamped before the foundation is 
put in place. - >
DRAINAGE.
Plate of Z  ply \* boards sawed 
to th e  circle. ■V— ----- ----
f  Sheeting
SECTION AND ELEVATION
5 1 LO ROOF
Pig. 7
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FLOORS.
Under certain conditions, the silo floor may be dispensed 
with without interfering with the preservation of the silage. 
Where the silo rests upon dry clay or any non-porous soil, 
and where the foundation is deep enough to prevent under­
mining by rats, the floor may be omitted. In general, how­
ever, a floor is quite desirable. The portion of the silo below 
the ground may be made more nearly water tight, the floor 
may be thoroughly cleaned, and there is no mixing of earth 
with the silage. A  silo floor need not be thick or expensive, 
as the weight of the silage, though very great, is distributed 
evenly over the surface and would be just as firmly supported 
if the floor was not used. A  concrete floor of the usual side­
walk construction 4 to 6 inches in thickness will be very satis-
Fig. 8. Concrete Silo with Concrete Roof
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factory. If properly mixed sand and gravel can be obtained, 
one part of cement to five parts of sand and gravel will be 
about the right proportion to use. The concrete should be 
thoroughly tamped and troweled. '
THE BOOF.
Perhaps the greatest advantage of a roof is the lessened lia­
bility of the silage freezing. Not only is it impossible to pre­
vent freezing in severe weather unless the silo is provided 
with a roof, but during snowy or rainy weather the silage is 
mixed with snow or wet down with rain. Furthermore, a 
silo without a roof becomes a catching place for husks, dust 
or anything carried in the wind and a favorite feeding ground 
for the neighborhood pigeons and birds. Although many 
silos are not provided with roofs and the live stock eagerly 
eat the silage from them, it is evident that a roof would not- 
only reduce the amount of frozen silage, actually save silage 
and preserve its quality, but be worth its cost in making a 
more pleasant place to feed from in bad weather. The roof 
is also valuable in protecting and strengthening the silo and 
in adding to its appearance. A  door for filling, large enough 
to admit the carrier or elevator from the ensilage cutter, 
should be placed in the roof. A  simple trap door may be 
used for this purpose, but a dormer window with glass is pref­
erable. Some light should be admitted to the silo for if not 
it will be necessary to use a lantern when removing the silage.
The pitch of the silo roof may vary from one-quarter to one- 
half. The steeper roof permits the silo to be filled above the 
top of the wall so as to be nearly full after settling. A  flat 
roof does not permit the silage to be elevated to a point high 
enough to do this, does not give the workman room for work 
during filling, and does not shed the snow like a steeper roof. 
The framing for a silo roof is shown in figure 7. The sheet­
ing is sawed into triangular pieces diagonally across the board 
and both ends used to prevent waste. The sheeting may be 
covered with shingles or what is better, prepared roofing. The 
latter will make a roof more nearly air tight and is very satis­
factory when a good quality is used. It also has the advan­
tage that it is very easy to put in place. The roofing should 
be cut into three cornered strips of a length to extend from 
the top of the cone to the eaves. In this way the material will 
be used economically and an air tight roof, retaining the heat, 
will be obtained. Plain boards do not make a good roof. I f  
they are used the cracks should be carefully covered with bat­
tens. Concrete has many of the same advantages for roof 
construction that it has for other purposes, that is, it can be
21
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Fig. 9. Centering Ready to Receive the Reinforcing Steel, Iowa Silo
made into almost any shape, and is durable. The concrete 
roof of the Iowa silo constructed at the Iowa Experiment Sta­
tion, shown in, figure 40, was made by placing a layer of ex­
panded metal known as “ Hy-Rib” over the centering placed in 
the silo and then plastering on top with two coats of cement 
mortar amounting to about two inches. Then after this had 
set, the centering was removed from its stumps and the steel 
plastered on the under side. The cornice was built up with 
a trowel. Figure 10 shows the expanded metal. The rafters 
were supported by stumps extending inches over the top 
of the wall and were tied together by collar beams so as to 
prevent any outward thrust on the wall. Figure 10 also shows 
the roof under construction. Where a single roof is to be 
constructed, the plastering on the expanded metal may be the 
cheaper method of construction as a large amount of the form­
ing is dispensed with. Where several rqpfs are to be con­
structed and where the forms may be used several times, more 
perfect forms and less reinforcement may be used economically. 
It is to be noted in building a concrete roof, a band of steel 
should be placed at the bottom of the cone to care for the 
outward thrust of the roof walls.
Following is the itemized cost of the roof described and as 
erected on the Iowa Silo at Ames. In building the second roof, 
no doubt the labor cost could be reduced very much :
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COST OF THE CONCRETE ROOF ON THE IOWA SILO AT AMES,
IOWA.
Steel reinforcement—special expanded me t a l . . . . ............................$18.00
Centering—native lumber .............................................................. ........  5.00
Labor in erecting centering—20 hrs. @ 20c........................................  4.00
Labor in putting steel in place—15 hrs. @ 20c..................................  3.00
Cement—10 bbls. @ $1.50............ ............. .............. .................... 15.00
Sand and gravel—5 yds. @ 50c.......................................................  2.50
Sash, hinges, e t c . ................................ .........................  .......... ...............  2.50
Labor in putting concrete in place—63 hrs. @ 25c....................... . 12.60
Superintendent—3 days @ $3.50................ ............. ..........  .............  10.50
TOTAL .............. ............................ ...................................$64.10
A  patented opening silo roof is sold with the Philadelphia 
stave silo. This roof is shown closed in figure n  and open in 
figure 12. It is so constructed that the eight sections can be 
opened up to an almost; vertical position above the silo wall. 
These sections are connected with pieces of canvas which when 
the roof is closed hang inside of the silo. The advantage' of 
this construction lies in the fact that the silo can be filled more 
than full, furnishing an almost full silo after settling.
Fig. 10. Concrete Roof for the Iowa Silo Under Construction
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DOORS.
As already stated, the silo door should form an _ air tight 
ioint with its frame and be flush or smooth on the inside. In 
addition, it should be convenient for the removal of silage and 
of a size to permit any person to enter the silo. Most patent 
silos are now provided with continuous doors which are only 
obstructed by the hoops or bars extending from side to side. 
Often these connections or hoops are so close together that 
the so-called continuous door is of little advantage over doors
Fig. 11. Philadelphia Silo with Patent Opening Roof Fig. 12. The Patent Roof of Fig-11
of larger size placed in the silo wall at intervals above one an­
other. Figures n  and 23 show silos with so-called continuous 
door. Figure 45 shows a design for a door without any ob­
struction whatsoever.
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In stave silos the doors are usually made of the same ma­
terial as the silo itself. Short sections of the staves are usually 
fastened to cleats of the same curvature as the silo. I he 
doors are rabbeted at top and bottom and rabbeted or beveled 
at the sides to fit together and into the door frame. Various 
patented devices are used to hold the doors in place. Con­
crete silos are now in use which have the doors located spirally 
about the silo. The idea of such an arrangement is to avoid 
a vertical line of weakness. This is an unnecessary precaution, 
as many silos with the doors directly above one another have 
been in use for years and no cracks have developed. By using 
the same amount of steel between the doors as is used in any 
other vertical section of the wall, there is nP more  ^danger  ^of 
failure between the doors than at any other place in the silo. 
The location of doors; in this manner does not permit of the 
usual chute through which tbe silage may be dropped and 
which is almost essential.
VENTILATION.
Carbon dioxide, a gas heavier than air, will collect above 
fresh silage if not given an opportunity to flow away to a lower 
point. This might be the case where the doors are not con­
tinuous and the gas is pocketed below a door. Care should 
be used in beginning work in a silo after it has been standing 
for a time partly filled with fresh silage. If silage is allowed 
to fall into the silo for a time, the carbon dioxide will be 
stirred up to such an extent that there will be no danger from 
asphyxiation. Although many silos are provided with venti­
lators, it is doubtful if they are of any practical value what­
ever. Under usual conditions, after the silo is filled it is best 
to prevent circulation of air above the silage.
F ILL IN G  T H E  SILO.
Best results are obtained where the silage is uniformly dis­
tributed throughout the silo and is carefully packed near the 
walls and around the doors by tramping. If the corn is at 
all dry, it will be found very beneficial to tramp thoroughly the 
entire surface and in any case the top 8 feet of silage will be 
materially improved by thoroughly tramping over the entire 
surface. In each of these cases, the weight is not sufficient 
to force the air out without the aid of tramping. Care should 
be taken that the heavy and light portions shall be uniformly 
mixed. Some silo owners are of the opinion that a great 
amount of tramping is unnecessary, but the investigations of 
the writers indicate that where tamping is not followed there
25
Davidson and King: Modern silo construction
Published by Iowa State University Digital Repository, 1908
115
is always a certain amount of spoiled silage and that the money 
spent for labor used in thoroughly tramping silage bring good 
returns. When the silage is dry, water should be added at 
the top in at least sufficient quantity to cause the silage to 
settle well and to exclude the air.
T H E  FREEZING OF SILAGE.
It is desirable to prevent the freezing of silage in thle silo 
during cold weather as far as possible. The silo of a construc­
tion to prevent freezing to the largest degree is the preferable 
one, other things being equal. It is difficult to make a com­
parison between the merits of the various types of silos in this 
respect owing to the inability to find them under like condi­
tions. Freezing of silage is due to loss of heat; first, through 
the silo wall; and second, to the air in contact with the feed­
ing surface. The first loss may be reduced by using a non­
conducting wall in the silo and the second by preventing the 
circulation of air above the silage in the silo.
It may be impartially said that, as far as the prevention of 
freezing of silage is concerned, the stave, stone, single wall 
brick and concrete silos are of about equal merit. Any kind 
of an air space will partially prevent freezing, depending upon 
how little the air circulates in this space and also upon how 
much conducting material is required to tie thfe outer and inner 
walls together. The King and Gurler silos were among the 
first to make use of an air space to prevent the loss of heat 
through the walls, but the air spaces were so deep that circu­
lation of air from the top to the bottom of the wall was quite 
free and readily transmitted heat from wall to wall in this 
manner.
Cement blocks have more or less material ‘extending frorii 
wall to wall which acts as a direct conductor. In double wall 
brick silos (fig. 35), it is necessary to have a header course oc­
casionally to bind the two walls together. The clay pipe silo 
has considerable material extending from wall to wall. The 
construction of the walls of the Iowa silo are such as to thor­
oughly restrict the circulation of air, but like those previously 
mentioned has considerable material connecting the two walls. 
The ratio of this material to the air space is about one to four, 
but tile is a rather poor conductor of heat. When properly 
made the double wall concrete silo is perhaps the most nearly 
frost proof of all. The conducting material between the walls 
consists only in small metal ties and the circulation of air may 
be cut off by the insertion of horizontal tar paper partitions.
The second cause of freezing mentioned, that is, the loss of
26
Bulletin, Vol. 9 [1908], No. 100, Art. 1
http://lib.dr.iastate.edu/bulletin/vol9/iss100/1
116
sary freezing. If t 
serious loss of hea 
of the silo is open and a free circulation of air permitted, itU i  m S l i U 1 3 ---------------------- p  r  • •
is almost impossible to prevent the surface from freezing in 
severe weather. A  personal investigation * of silos in coid 
weather proved conclusively that those provided with a tight 
roof did not contain nearly as much frozen silage as those left
The freezing of silage does not necessarily mean a loss, as 
it may be thawed out and made fit for feeding and when prop­
erly attended to need not rot or mold. The frozen silage may 
be often thawed bv mixing with the warm silage at the center 
of the silo. It is generally considered dangerous to feed 
frozen silage.
Square silos are practically a thing of the past. They were 
developed before the round silo, but generally gave trouble by 
the bulging of the straight sides and the spoiling of the silage 
in the corners. In addition to this the material of construction 
is not so economically used or distributed to resist the pressure 
of the silage as in the round silo. The first two difficulties 
were somewhat reduced by filling the corners of the square 
silo, making it octagonal. However, this was only a tran­
sitional stage in the development of the round silo and very 
few are in use. To those who may be especially anxious t<3 
build a square silo in the bay of a barn or a similar place, it 
is just to state that a few very satisfactory square silos are 
in use. The success of the square silos investigated depended 
upon the fact that they were quite small, usually ten by ten 
feet, that the walls were made very stiff and when filled great 
care was used in tramping the silage well in the corners. How­
ever, the building of a square silo can seldom, if ever, be profit­
able or desirable.
The Wisconsin silo of the King silo, as it is . generally 
known, was designed by Professor F. H. King of Wisconsin, 
at a time when lumber of a good quality could be secured at 
a much less cost than at present. The construction of the 
King silo is shown in figure 13, taken from a Wisconsin bulle­
tin describing the same. In brief its construction is as fol­
lows : Studding of 2x4 stuff is placed one foot apart on £f
open.
TYPES OF SILOS.
THE KING SILO.
circular sill on top of the foundation. The lining of the silo
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Fig. 13. Drawing Showing Method of Con­
structing the King or Wisconsin Silo
consists of three layers of ^-inch boards bent and nailed to 
the studding with. building paper between. The studding is 
covered on the outside with one layer of ^-inch sheeting and 
then with any form of siding which may be bent and nailed  ^to 
the studding. If the silo is of small diameter, the sheeting 
may be omitted. In keeping silage the King silo is very satis­
factory and when the wall is ventilated in order to prevent rot 
on the inside, it should be as durable as any wood silo.
THE GURLER SILO.
The Gurler silo was designed by Mr. H. B. Gurler, and 
the first silo of the kind erected fourteen years ago was visited 
and found in good condition. The Gurler silo resembles the 
King silo very much but differs mainly in that the lining is 
¡made up of a >^-inch layer of sheeting and cement plaster 
about y& inch thick on special lath. The construction of the 
Gurler silo is shown in Plate II. It! is primarily a silo to be 
located inside of the barn and when so situated the only cover­
ing to the studding consists in wooden hoops made of three 
ply of y2 by 6-inch boards. When used outside vertical sid­
ing may be nailed to the hoops, which when well battened 
makes a very satisfactory covering. This style of siding is 
shown in Plate II and figure 14. The hoops may be dispensed 
with and the studding covered with galvanized sheet iron as 
shown in figure 15. This plan is very satisfactory, but per
28
Bulletin, Vol. 9 [1908], No. 100, Art. 1
http://lib.dr.iastate.edu/bulletin/vol9/iss100/1
118
haps a little more expensive under usual conditions. Hori­
zontal siding bent and nailed to the studding as shown in figure
THE. GURLER SILO
P L A T t II
16 is not generally satisfactory as the nails will pull out, re­
leasing the ends of the boards, which often in time come off 
entirely. As stated, the Gurler silo is not primarily a silo for 
a location outside of protecting buildings as the action of the 
wind is quite apt to rack it and cause the cement plaster to 
crack. This can be prevented to a large extent by placing the
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Fig. 14. Gurler Silos Covered with Vertical Siding
Fig. 15, Gurler Silo Covered with Galvanized Iron 30
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hoops on spirally, thus stiffening the silo very much. Under 
usual conditions its cost is somewhat greater than that of a 
stave silo, but it is believed to be more durable. Like the King 
silo, provision must be made for ventilation by allowing air to 
enter the bottom of the wall from the outside, passing up, 
through the wall into the silo at the top of the wall and out 
through a ventilator in the roof as shown in the drawings of 
Plate II, in order to prevent rotting of studding and board 
lining. Neither the King nor the Gurler silos can well be 
built of less diameter than 14 feet owing to the difficulty in 
bending the material.
Fig. 16. Gurler Silo With Horizontal Siding 
Which is Not Generally Satisfactory
THE MINNEAPOLIS SILO.
This silo is constructed differently from other patent 
wooden silos and for this reason needs a separate descrip­
tion from the stave silos. Figure 17 shows a detail plan 
and elevation of a section of the silo wall. Short pieces of 6- 
inch plank tongued and grooved on the side and beveled on 
the ends, are inserted horizontally between 4 by 4 studding
31
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FRO N T V IEW  OF W A L L
SH0WIN6 JK POST CONNECTING SOCKET
Fig. 17. Drawing Showing the Construction of the 
Minneapolis Silo
placed two feet apart, and in such a manner as to form a smooth 
wall on the inside. The whole is held tightly together by
Fig. 18. Minneapolis Silo Near a Sorghum 
Stack. More Silos Should he Used Here.
32
Bulletin, Vol. 9 [1908], No. 100, Art. 1
http://lib.dr.iastate.edu/bulletin/vol9/iss100/1
122
hoops or bands. Figure 18 is a Minneapolis silo filled with 
sorghum which has been passed through a cane mill. I his 
gives a good idea of the appearance of the silo.
Some of the advantages claimed by the manufacturers are 
as follows: Lumber shrinks very little endwise of the grain, 
therefore, the work of the necessary tightening and loosening 
of the hoops on these silos is considerably less than is neces­
sary with the average stave sio. Defective portions of the 
material can be rejected with less loss than from long lumber. 
If a section of the wall proves defective after it has been used 
for a time, it may be cut out, the sections above driven down 
and a new piece inserted at the top. The roof as usually con­
structed would interfere with this change of planks. It is also 
to be noticed that a large number of the joints permit the 
juices to reach the end grain of the lumber and perhaps hasten 
their decay. The cost of this silo made of white pine is about 
equal to that of the best stave silos.
Fig. 19. A Small Steel Silo 
THE STEEL SILO.
Figure 19 shows a steel silo which when visited a year ago 
had only been filled once and did not furnish sufficient basis 
for an opinion. There seemed to be little doubt but what it 
would preserve the silage satisfactory other than more trouble 
was incurred from freezing than usual. This silo was small 
being only 10 by 20 and it was made perfectly smooth on the
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inside. Another type has the walls made of corrugated plate. 
Farther investigation of the steel silo would indicate that 
they are in the experimental stage and are not likely to come 
into extensive competition with other types.
THE STAVE SILO.
Out of the 124 silos reported in Iowa when the first edition 
of this bulletin was prepared, 82 were of the stave type. Thereii 
is no doubt whatever but that the stave silo is a thoroughly 
established Success. The measure of success depends largely, 
however, upon the method of construction, material used, and 
care that is taken of the silo. If properly constructed, the. 
stave silo incorporates nearly all of the essentials of silo con­
struction previously discussed. If staves are of high grade 
material, well tongued and grooved and the hoops kept tight, 
the walls are necessarily tight and the doors are fully as tight 
as in any other type of silo. In addition, the walls are smooth 
and rigid. The doors are as convenient as in any other silo 
and, of course, any discussion of foundation, floor and roof ap­
plies equally well to the stave silo as to any other.
The lasting qualities of stave silos have been discussed to* 
a great extent without any definite conclusions being reached. 
It is stated by some that the life of a stave silo is but five 
years while others claim they will last indefinitely. The rea­
sons for this seems to be that the stave silo is subjected to 
such widely different treatment, like farm machinery. Investi­
gation would indicate that the life of a stave silo varies from 
less than five years to, in some instances, more than twenty- 
five years, depending upon the quality of the material used in 
the silo and the care given to it. A  redwood silo filled eleven 
times was found in excellent condition without a single flaw 
or decayed spot. A  white pine home-made silo erected i» 
1894 was visited and found to be giving good service. It was 
apparently good for a number of years yet. Another white 
pine silo was found very seriously decayed inside while it was 
in a fair state of preservation outside. A  northern pine silo 
four years old, was found in poor condition with the lower 
ends of the staves badly rotted even though placed on a good 
high foundation.
In caring for a silo, care should be taken to keep it well 
painted outside. Most manufacturers advise that white lead 
be placed in the joints when the silo is erected and that the in­
side of the staves be painted with some form of wood preserva­
tive.
.All stave silos outside of barns even when secured by guy 
wires are more or less at the mercy of the wind and weather.
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Tf there are any imperfections in the lumber they are quite like 
develop, andPif there is any tendency on. the part of the 
staves to warp they will be sprung out of shape. This is pe  ^
fectly true of silos with tongued and grooved staves and deplo 
ably true of silos with plain staves.
SELECTING LUMBER FOR THE STAVE SILO.
In the purchase of a stave silo, the selection of the kind and 
o-j-ade of lumber is of the greatest importance. It is stated in 
the- catalog of one of the leading manufacturers selling silos 
in Iowa thlt “the quality of the lumber used really determines 
the success or failure of the silo.” Badly cross gained lum- 
her or any containing heart or wind shake, sap, or bark should 
be discarded. In order to have an opportunity to sort the 
lumber the silo should, be ordered early and an early delivery 
guaranteed so that all poor staves may be discarded and new 
ones secured to replace them even if it be entirely at the pur­
chaser’s expense. A  poor stave should never be put m a silo 
as it lowers the value of the entire structure. This is true of 
all kinds of lumber and the judging of its quality must rest 
with the purchaser. There are, however, some qualities and 
characteristics which are of importance hy silo construction 
that are possessed to a different degree by different woods used 
in silo construction. Following is a discussion of the different 
woods commonly used in silo construction named in order of 
their relative merits according to the opinion of the ^ writers. 
Their cost is so variable for different localities that it is not 
considered here.
KINDIS OF WOOD USED IN SILO CONSTRUCTION.
(a) Redwood is one of the conifers which is generally ac­
cepted as having the best lasting qualities of any wood used 
in silo construction. Redwood trees are very large and the 
lumber uniform. In buying redwood silos, a very good grade 
of practically clear and full length staves may be secured. The 
shrinkage and swelling due to moisture is less than in other 
woods. This is quite an advantage on account of the shrink­
age that occurs when the silo is empty. A  stave silo built of 
this material eleven years ago was recently examined care­
fully. Every stave was gone over with a knife and not a soft 
spot was found anywhere. This examination was especially 
critical near the foundation. Redwood is the wood principally 
•used for conduits.
(b) Cypress being quite similar in quality and characteris­
tics to white cedar is well adapted to the construction of silos. 
Only clear or good sound knotted stock should be used. More
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cypress than any other kind of wood is used for water tanks 
in the middle west.
(c) Oregon fir is an excellent wood for stave silos as it 
can be secured in full length staves and is quite clear and uni­
form. With reasonable care and a foundation high enough to 
raise it above moisture, a silo with fir staves should last for a 
long term of years.
(d) Tamarack or larch is very similar to the best hard pine
B U FF J E R S E Y  S ILO
Fig. 20
but where equal grades of each are obtainable it is slightly 
preferable on account of its greater durability.
(5) White pine, if free from loose or large knots, makes a 
very good silo. The staves cannot usually be obtained in full 
length staves for a desirable height of silo.
(6) Long leaf yellow or hard pine is the strongest and 
stiffest of all pines and if a choice grade is secured, it makes a 
very good silo at a reasonable price. It shrinks a little more 
than the woods previously mentioned, but the hoops of any 
stave silo should be tightened when the silo is empty.
THE HOMEMADE STAVE SILO.
Directions have been given in bulletins and in the agricul­
tural press for making silos from plain dimension stuff which
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is neither beveled or tongied ana_^oow<L Ma was
silos have been built, but the investigations o ^  advîsable 
convincing that constructio . much less
from any standpoint. fs not as economical. If
than the mill made silo, in stave silo does quite
3  not W
the foundation below to
hold the long staves in place.
the buff jersey silo.
The Buff Jersey silo was designed by E. W . C°bb and in 
several respects is superior to the home made silo just de­
scribed The construction of this silo is shown in figure 18.
It is advised that this silo be made of plain 2 b y *o ^ o  feet 
T A and 16 feet long, thus making by splicing a silo 30 te 
deet> This lumber should be dressed on both edges and care­
fully selected as previously described. Also any pieces whic 
are not of uniform width'throughout their length should be 
discarded Such pieces are unfit for use in the silo unless the 
smaller end be placed at the top of the silo where if not mak­
ing a perfectly tight fit it will be of little consequence. The 
stave splices are made by making a saw cut with a common 
hand saw and inserting a piece of galvanized iron similar to 
the joint shown in figure 21. Each 2 by 4 w thoroughly coated 
with coal tar before erecting. The staves are spiked toget e 
every four feet with spikes long enough to reach through the 
stave edgewise and at least one inch into the adjoining stave 
Each stave in the wall should be securely toe-nailed to a sill 
formed of two layers of inch lumber sawed to conform to the 
circle and nailed together breaking joints. The hoops are m 
sections extending through 4 by 6 pieces, three to five of which 
are placed in the wall, flush with the inside. This construction 
is shown in figure 20. The hoops are spaced 3° inches apart. 
The wall is built solid, and the doors are sawed out beveled 
at the top and at the bottom so that the bevel will retain the 
door when pressed outward by the silage. This bevel is about. 
45 degrees. Curved cleats can be fitted and nailed to | the^  
pieces sawed out to form the door. Another way is to nail thé* 
cleats in place before the door is sawed out and then by rip­
ping a stave on each side of the door a bevel may be secured 
all the way around which will fit without any dressing.
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Fig. 21. The Most Common Method 
of Splicing Short Staves Fig. 22. A Very Satisfactory Splice of Staves Used in the Indiana Silo
This is a cheap, serviceable silo, but in many respects it 
seems advisable to pay a company equipped for building first-
Fig*, 23. A Patent Stave Silo—The Saginan 38
Bulletin, Vol. 9 [1908], No. 100, Art. 1
http://lib.dr.iastate.edu/bulletin/vol9/iss100/1
128
class silos a reasonable price 
staves beveled, tongued, and g
for a silo ready to erect, with 
rooved, and fitted with con­
venient doors.
T H E  P A T E N T  S T A V E  S IL O .
A  large number of patent stave silos were either reported 
or visited and all were, in general, quite satisfactory. They all 
have the same fundamental features. They are all of various 
heights and diameters, use very much the same amount of 
steel for hoops, the staves are tongued and grooved, and either 
full length or well spliced. Full length staves properly beveled 
are of course, preferable. There are at least two methods of 
splicing short staves. The method used by most manufac­
turers and for wood conduits is shown in figure 21. The steel 
splice should project a trifle beyond the edges of the stave to 
be spliced in order that it will be pressed into each neighbor-
Fig. 34. Erecting an Indiana Silo
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ing stave making a tight joint. The steel lasts well and is 
very satisfactory. The second method, shown in figure 22, is 
used only by the Indiana Silo Company. This is also a very 
satisfactory method. In this connection it is well to remember 
that any racking or twisting of the silo will open up either 
of these joints permitting access of air and consequently the 
loss of silage. The silo is sold with or without a roof, with 
a roof frame, or with a completed roof. Of course, each silo 
has its talking points, i>ufc the strength of these talks depend 
(more upon the salesmen than upon the features of the silo. 
The most important thing to the prospective purchaser is to 
so arrange the terms of the sale that good workmanship, se­
lect material of the right kind, and fair treatment, may be se­
cured.
After the silo is selected a good foundation should always 
be built, and care be taken to paint all joints with either white 
lead and linseed oil or a creosote paint. An excess of tar or 
heavy white lead paint should be put on the ends of the staves 
to be joined in order to secure an air tight joint, because only 
a very small amount of air is necessary to spoil the silage and 
a large percentage of the joints unless put together with white 
lead or tar will leak enough air to spoil considerable silage, 
lh e  presence of this air together with warmth and moisture 
present excellent conditions for the decay of the stave at its 
most vulnerable point, the end grain of the good. The life 
of the silo will depend largely upon care taken in keeping the 
noops at proper tension, keeping the silo well painted and 
preventing the collection of refuse about the bottom of the
Pig. 25. A. Kalamazoo Silo with Redwood Staves 
at the Bottom; Cheaper Wood Above
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staves, which will keep them moist and 
In keeping the hoops tight the owner, should 
least after emptying and during any continued dry 
weather, tighten the hoops if they are not tight. If they^are 
tight they should be loosened and then tightened again to be 
sure they are not too tight, for if too tight the wood fibre will 
be crushed, causing rapid decay.
CONCRETE SIEOS.
A  few years ago it could have been said^  that concrete siloa 
were in the experimental stage, but now it has been demon­
strated by the success of many of "them, that concrete is one 
of the best building materials from which to construct per­
manent silos. Considering that the general use of concrete 
has been developed within a very few years and the majority 
of concrete silos have been built by men with little or no ex­
perience, the success of the concrete silo has been remarkable.
In order to secure a first-class concrete silo, it is necessary 
that good materials, well mixed in the right proportions, be 
used in preparing the concrete, and that the whole be skillfully 
handled. If these requirements are fulfilled, the writers upon 
investigation are confident that the concrete silo is satisfac- 
tory in every way. The investigations, however, would indi- 
cate that it is not advisable for the man with no experience in 
concrete construction to attempt the building of a concrete 
silo. The expense involved is too great to warrant the indi­
vidual farmer who has not previously constructed buildings of 
concrete in making the experiment. The work should be 
turned over to the concrete contractor under a guarantee 
that only a first-class silo be built. In time, when the use^  of 
concrete on the farm becomes more general, this suggestion
will not have the value that it has now.
As the concrete silo must be constructed where it is to be 
used and as it comes into competition with a well established 
industry, it is to be expected that it should meet with much 
opposition and advantage taken of all the features which would 
in any way prevent it from being a first-class silo. The argu- 
'ments raised against it are that the concrete walls permit a 
transfer of moisture and air through them and do not prevent 
a loss of heat, that the concrete neutralizes the acidity of the 
silage, that this acidity causes the walls to become soft and 
crumbly, and that cracks due to the pressure of the silage can­
not be prevented. In answer to these arguments, it may be 
stated that the walls should be nearly water and air tight. They 
can be made so if properly built and painted on the inside with 
a wash of pure cement, which will fill all the pores of the wall. 
It is very doubtful if more frozen silage will be found in a
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single wall concrete silo than in a stave silo. Wood, as a ma­
terial, is no doubt a better non-conductor of heat than con­
crete, but the thickness of the wall is very much less. There 
is nothing better than the double wall cement silo in this re­
spect. In regard to the concrete neutralizing the acidity of the 
silage, it may be stated that for such a thing to take place 
there must be enough moisture present to permit the dissolved 
cement to diffuse itself throughout the acid solution.' The 
amount of moisture present renders this action quite impossi­
ble. Concrete silos were found in actual use which had been 
filled eleven times without any noticeable action of the acidity 
of the silage in softening the walls. These silos were not 
coated with a cement wash, but it is considered good practice
Fig. 26, Double Wall Concrete Silo
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to oaint the walls on the inside with cement every two or three 
>eaPrs A  coat of coal tar has been used successfully by some 
silo owners for the same purpose. This painting may be d t  
while filling if the walls have been swept down well as the
511Am ong'the “desirable features of the concrete silo or any 
masonry silo may be mentioned that i t  is cssen *  ^ . W ood a
A  silo was found in use in Wisconsin which had withstood a 
fire that burned all the surrounding buildings.
SINGLE AND DOUBLE WALL CONCRETE SILOS.
The single wall concrete silo is the most common style of 
construction. The thickness of the walls of silos now m use 
varies from 6 inches at the bottom to four inches at the top 
for the lightest wall to a wall two_ feet in thickness, which is 
the heaviest of which the Section has record. Six inches 
seems to be the most desirable thickness for common sizes of 
silos under existing practice. The walls might be made 
lighter at the top, but the saving  ^ of material would hardly 
balance the trouble of varying the size of the forms. Plate IJT 
shows an elevation of a 16-foot concrete silo with six-mch 
walls. The double wall concrete silo at present is made only 
with a patented form. Figure 26 illustrates a double wall con  ^
crete silo made by forms owned by the Farmers Cooperative 
Concrete Silo Company. The inner wall is 5^ 2 inches thick, the 
outer wall 3^  inches thick, and the two tied together with 
steel ties with a three-inch air space between. Circulation is 
prevented by inserting horizontal tar paper partitions every 3/2 
feet. This construction, besides being as satisfactory as the 
single wall method, places it entirely above any criticism m 
regard to freezing. The patent forms being of steel plate en­
able a very smooth job to be secured.
MAKING AND HANDLING THE CONCRETE.
Only a first-class Portland cement which has been stored in 
a perfectly dry .place should be used. The proportions of 
cement and gravel will vary with different grades of^  grave . 
If broken stone is available and cheap, it may be used with sand 
instead of gravel. To obtain the best grade of concrete the 
gravel and sand must be clean and durable and the cement 
must be in such a proportion as to nearly if not altogether till 
the voids or open spaces between the sand and gravel, lo  
obtain the strongest concrete with the minimum of cement the 
sizes of the gravel should be in the right proportion and vary 
from the largest to the smallest sand particles.
If bank gravel is used, the proper proportion of cement to
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use may be determined by tbe fol >} g ^  H  Baker : “ Fil 
“The Cement Workers Book^ stone Qr el
a vessel of known caPacl*y . in tke proportions wished for 
and sand and thoroughly mix ?ravei COmes from the bank, 
use This will usually be as the g absorb no more
This must be thoroughly soaked 8 0 ^ ^  ^  measure and
water but should not contain an rontain. The propor-
pour in as much water as the vess volume of the pail
Son of the volume of wate,' ^ “ 4°  This is quite
is the proper proportion of ce tkat the cement
a simple method of deter™\m^ f concrete. Under average 
should fill to make a good dense c o ,  ^  .g a good mix-
g S T  S to n esS X ge as two inches in diameter may
be used to advantage.”  * v
Another essential of good 
whole must be so thoroughly mixed that there w 
of cement over each p a r t ic le  of inert m i s p l a c e d  in the 
should be added so that when tamped. Thor-
forms the whole will quiver or re particles into
ough tamping is necessary as t brings ^  day> it
S f b e " t h o r o u V l y  wet. cement ^ " V c S n ^
p Sfin  p la i f  a X h o r o eughty sUrred to bring the f in e ^ « r i|
The coarse material should be worked away cial con.
the forms bv a common spade, or what is better, P _oec 
Crete spade wftfr holes in ft to permit the t o r  matenaHo pas 
through while larger pieces are pushed back. F o r  several oay 
S e T o fc rlte  whde hardening, must be kept moist by sprinkling.
R E IN F O R C E M E N T .
The height of the forms as shown in .Plate W  are 30 inches 
d i g  f S  eaual to the height of the windows insideand the 
d i  ance between the window! By placing the circular rein­
forcement two inches above C°Re-
near the middle of the forms each time that it is inserted. 
inforcement placed in the center of the wall m this manner w 
be very satisfactory. Bars, rods, or wire j m  
inforcement provided the same cross section of steel is obtained. 
For the amount of circular reinforcement to use throughout the 
ciln <?ee Plate I. At each side of the doors a medium sized b
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COMPLETE. FORMS IN PLA C E
Site
0..° a-'
'Hoops
S la v e s
•steel 2" 
from door 
fram e
SECTIO N  TROUGH 
FORMS SHOWING 
FORM FOR DOOR 
-IN P L A C E
I
ii
i
I
Cleat
L ìlà T  I VI
^ 4  P ieces ¿“x 6' 
DETAIL OF HOOPS DETAIL OF HOOP CLAMP
p l a t e : iv
S P J P g  enforcem ent should be used placed somewhat near­
er the outside-of the wall than the inside
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FORMS.
The design of the forms shown in Plate IV  embodies a com­
bination of the best features of all forms found in practice.
Fig. 27. Concrete Silo Under Erection Showing Use of Forms
These forms resemble those used by Mr. R. L. Sollett of Gold­
field Iowa, in the construction of his silos as shown in figure 25. 
Two* sections of staves 30 inches long are held in place by 
wooden hoops made of #  to inch lumber bent to the proper 
circle and nailed firmly together. The staves rest on a % inch 
square cleat nailed to the hoops. The inner hoops are made 
solid and to remove one side is driven down and the. hoops 
sprung out of round. The outside hoops are made with clamps 
by which they may be opened for removal as shown m Plate 
IV. Three outside and three inside hoops are required. _l he  
purpose of having two section of the forms is two-fold. First, 
the second set of forms are accurately located by  the first be­
fore the second is moved and also by using 30 inch staves five 
feet of wall may be built each day and the form need not be
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disturbed until the contained wall is at least 18 hours old. Sec­
ond, no tamping of fresh concrete occurs on the unsupported 
wall, as there is always a section of the forms below the one 
being filled. The 30 inch stave length was chosen because 
longer staves are apt to bend and the length is handy to fit in 
the doors which are 30 inches high inside and placed 30 inches 
apart.
The forms of the doors as shown in figure 28 are an inno­
vation and are a great improvement over the use of plank door 
frames as shown in figure 30, which are not air tight and will 
rot out in a very short time. A  door very similar to one made 
by this form is shown in figure 42. For a first class door in a 
concrete silo all that is required is an opening 24 by 30 inches 
with a portion of the concrete about the opening counter sunk 
to permit the door to set in the wall flush. All portions of the 
orm which will come m contact with the concrete should taper 
i§  !1;ch [n 6 inches in order to permit its removal with ease. If 
the lumber is dressed and oiled or greased, it can then be re­
moved without the least difficulty. The concrete must be care­
fully worked under and around the forms in order to fill out the 
c.°rne/ s concrete and make a good appearing ioh. The
to perm it easy removal 
of form  from wall
FORM FOR DOOR FRAME. 
CONCRETE SILO
Figr. 38
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DOOR FOR
CONCRETE. SILO
Fig. 29
of the silo. The door is held in place by a crosspiece extending 
across the opening, to which the door is drawn by a bolt.
A  convenient and durable ladder for concrete silos can be 
made of H  inch: round iron bent in such a shape that the ends 
of each step will extend about four inches into the concrete wall 
and leave the main portion of the step about four inches out. 
Notches may be cut in the staves of the forms to receive the 
steps. If the notches are 7 ^  inches from each end of the stave, 
the steps will be 15 inches apart, a convenient distance.
COMMON MISTAKES IN CONCRETE SI!LO CONSTRUCTION.
In the construction of many silos an attempt has been made 
to use sheet iron for the inner form, which springs out of shape 
when the pressure of the concrete comes against it, making an 
ill shaped silo. A  silo wall of this nature is shown in figure 28 
which is a view taken on the inside, looking toward the top. 
The inner form should be so constructed as to be rigid enough 
to retain its shape under the pressure of the fresh  ^concrete. 
Another serious mistake eliminated in the new design is the 
door without a wooden frame. A  wooden frame not only rots 
away in time but often causes serious air leaks into the silo.
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Fig. 30. View Out the Top of a Concrete Silo Which is Not Round. Shows the Usual 
Method of Constructing Door Frames
C O ST  OF C O N C R E T E  SILOS.
The cost of a concrete silo will depend largely upon the cost 
o grave and labor, which varies greatly. The cost^of graveTin 
1 an&e from nearly nothing where it is dug out of th* 
silo pit to a prohibitive price owing to its inaccessibility. In’the 
following estimate an average cost is assumed of $1.25 per yard
iabor- varies much- ° n one ■ Silo of which a record f the labor was kept, four men put 11 yards of concrete in an 
8 inch wall m one day. In another well organized ganV  four 
men put only 4 yards in a 6-inch wall. With labor atg$i vc
$ 3 ' 5 0 ’  th e  labOT in  h a n d H n g a y a rd  o f  co n c re te  o u g h t n o t  c o s t m u c h  o v e r  $1.75. y
ESTIMATED COST OF THE SILO OF PLATE III.
Size 16x35.
Excavation .......................
Amount of concrete required .......... .. $ 9.50
Foundation . . .
Floor ......  .......... ............................................ 6^  Yds..
Wall ............ .................... .......................................  3 Yds.
................... .................... ...................29 Yds.
Total . ........................ . ~ ~  '
Labor at $1.75 per yard ... ......................  ^
Gravel at $1.25 per yard ..................................................$67.37
Cement—48 Bbls. at $1.50.’.“  ' ‘ ‘ ‘ ' ................................
* * * * ................ ............... .. • 64.00
Total cost of concrete........
187.50
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Cost of Forms:
624 feet siding at $30.00 per M....................
350 feet shiplap at $30.00 per M....................
Lumber for 2 door forms...................... .
....................$18.75
...................  16.50
........... .........  1.25
.................... 2.00
....................  5.50
44.00
3.00ot.©Bl liuuum ttit jlAks yt;i .................................. 20.00
6.00
65.00
A cheaper roof may be built, costing about $48.00.
It is to be noted that the forms from the above silo could be
Fig. 31. A Cement Block Silo
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used a number of times without any additional cost. This 
estimated cost exceeds the cost of those investigated by the 
Section. The average size of these silos was about 16 feet in 
diameter by 30 feet deep and the average cost was about $225. 
The cost of the double wall concrete silo is now about equal 
to the cost of the best grade stave silo where gravel can be 
secured without excessive cost.
CEMENT BLOCK SILOS.
Figure 31 shows a silo constructed of cement or concrete 
blocks. This type of silo is very satisfactory if the blocks are 
well made and plenty of steel has been provided in the wall for 
resisting the bursting pressure of the silage. Where silos of 
this construction have failed, this has not been the case. Fig­
ure 32 shows a convenient block with a groove in the top in 
which the bands of reinforcement are imbedded. The rein­
forcement should be entirely surrounded by mortar in order 
to fully protect it from rust.
Fig. 32. The Kalamazoo Cement Silo Block
Figure 33 is a patented door frame to be used with this 
cement block. The practice of using wooden studs embedded 
in mortar at the ends of the blocks and at each side of the 
doorway and bolted to the steel frame cannot be criticised too 
severely. This stud is placed under conditions best adapted 
to cause rapid decay. Often it is so constructed that it can­
not be replaced without much difficulty and thus the dura­
bility of the entire structure is impaired by the use of a single 
part. &
It is necessary to plaster the inside of the silo to make it 
water and air tight. The block silo has the advantage over 
solid wall concrete silos in that forms, outside of the block 
mold, are dispensed with. The block is made hollow thus 
providing against freezing. The cost of the concrete ’block
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wall is usually somewhat higher than the solid wall owing to 
the fact that as large aggregate or gravel cannot be used and 
the cost of making the blocks is about equal to the cost of 
making the solid wall with the cost of laying the blocks in 
addition.
Fig. 33. The Kalamazoo Door Frame for 
Cement Block Silos
BRICK SILOS.
Where brick may be secured at a reasonable price, it may 
be used for silo construction with good results. Several brick 
silos were investigated and as a whole they were very satis­
factory. The chief trouble with their erection seemed to be 
with the reinforcement. Attemps to build brick silos without 
any reinforcement resulted in failures as far as investigated. 
The solid wall brick silo is not much if any better than the 
stave silo as far as protection from freezing is concerned. The 
wall is usually eight inches thick and reinforced by hoops or 
bands on the outside or in the mortar joint. The oldest brick 
silos found in Iowa were erected in 1903 and are now giving 
very satisfactory service. The doors were arched, dispensing 
with the use of wooden frames.
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Fig. 34. Single Wall Christensen Silo 
THE OHISTENSEN SILO.
This silo was invented by Mr. J. P. Christensen. The 
patent pertains to the system of reinforcing and its combina­
tion with a continuous door opening. This silo is shown in 
Figures 34 and 35. Figure 34 shows a single or four inch wall 
silo, partially protected by its location in a valley and by the 
surrounding buildings and gives little trouble with the freez­
ing of silage. In order to prevent freezing more fully the 
complete design of this silo calls for a double wall, as shown 
m figure 35. There is a restricted circulation of air which 
prevents a serious loss of heat. Horizontal air spaces are sep­
arated by the header courses about two feet apart with a small
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opening in alternate courses each side of the doors and others 
in intervening courses at the opposite side of the silo from the 
door. For exceptionally cold climates, a fire place is provided 
from which the smoke and heat pass up through the ventilat­
ing flues. This silo gives excellent satisfaction. The cost will, 
of course, depend upon the price of brick and wages paid for 
masons.
Mr. Christensen gives the following estimate of the cost 
of silos without roof based Upon brick costing $8 per thousand, 
masons $4 per day, and helpers at $2 per day.
Single W all Silos:
14 feet in diameter $ 9.00 per foot of height
16 feet in diameter 10.00 per foot of height
18 feet in diameter 11.50 per foot of height
Double W all Silos:
14 feet in diameter $13.00 per foot of height
16 feet in diameter 14.00 per foot of height
18 feet in diameter 16.00 per foot of height
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Fig. 36. A Stone Silo
THE STONE SILO.
Many excellent stone silos were found in MTsconsin giving 
the best of satisfaction. They are especially attractive in ap­
pearance (see Figure 36) and there is no doubt about their re- 
liability when plastered so as to make the walls air and water 
tight. They are about as frost proof as single wall brick and 
^^crete silos. The walls, however, are thicker, ranging from 
JO to 24 inches, depending largely upon the kind of stone. It 
is best that only cement mortar be used. The walls should be 
reinforced by building steel bands into the wall. The amount 
to use may be obtained from Plate I. The cost of the stone 
silo will depend altogether upon the availability of the stone.
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Fig. 37. Wall Constructed oi Clay Pipes
Fig. 38. Clay Pipe Silo Plastered
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CLAY PIPE SILOS.
The clay pipe silo is constructed of interlocking1 clay pipes 
or tiles. Several of these silos were visited and found to be 
good satisfaction. This method of construction is 
shown in figure 37, which is a photograph of a wall before 
plastering. Figure 38 is a finished silo. The clay tube is 
Similar to a five inch drain tile except that the walls are heavier 
and slotted at four points 90 degrees apart to a depth of one- 
fourth its length. The tubes are set on end with the slots 
interlocking. Steel bands or hoops are placed around the wall 
and then plastered smooth with cement plaster. The lugs of 
these bands may be seen in figure 38. As in any other masonry 
silo a concrete door frame as designed for the concrete silo of 
Plate III would be an improvement over the wood frames seen 
in use and would be cheaper. This type of silo up to the 
present time has been rather expensive.
THE IOWA SILO.
The Iowa silo is a new type of silo with walls constructed 
of common rectangular building tile. As far as known to the 
writers at the time the first edition of this bulletin was pre­
pared, silos had not up to that time been constructed of this 
material. A  thorough investigation of the matter left but 
little doubt in regard to the reliability, adaptability, and cheap-
Fig. 39. Tile Grain Bins at Cedar Rapids
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ness of building tile for silo walls. For several years, tile has 
been used with the best of success for the construction of fire­
proof grain storage tanks. Figure 39 is a photograph of the 
grain tanks at Cedar Rapids, Iowa, each of which is 16 feet 
6 inches in diameter and 85 feet high. These tanks are con­
structed of tile designed by the Barnett & Record Company. 
The tile used are somewhat heavier than common building 
tile, but the service is very much more severe. The advan­
tages of building tile for silo construction are many. The 
nature of the work is thoroughly familiar to bricklayers and 
masons in every locality and a satisfactory job is^  practically 
assured. Every feature of the design, by its application to a
Fig. 40. The Iowa Silo at Ames, Iowa
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ELEVATION AND SECTION
IOWA SILO
S c a l e  L J 5  F t. PLATE V 60
Bulletin, Vol. 9 [1908], No. 100, Art. 1
http://lib.dr.iastate.edu/bulletin/vol9/iss100/1
150
similar use, has proven its practicability. Owing to the fact 
that tile itself is splendid non-conductor of heat and that the 
circulation of air in the hollow wall is so well restricted, per­
haps no silo can provide better protection against freezing. 
In addition, the construction is as fire proof as any masonry
construction. .
The material used in the Iowa silo as originally designed 
was rectangular, hollow, clay building blocks, such as have 
been commonly used extensively in important buildings for 
years. Furthermore, it was designed with a plaster coat of 
cement mortar both inside and outside. The experimental 
silo shown in Figure 4® was not plastered, simply washed 
inside with a cement wash and for the year it has been in use 
it has been entirely satisfactory, indicating that plastering is 
not necessary where a tile block is used which will resist the 
weather. It is to be noted that the durability of this type of 
silo will depend upon the quality of the tile, which varies 
widely. Soft tile which have not been properly burned should 
be guarded against. On the other hand, good vitrified blocks 
are among the most reliable and durable of all building ma­
terials. Special blocks bent to the curvature of the silo may 
be purchased from several manufacturers in the state. Ten 
or more silos have been built of these curved blocks during 
the past summer and a full account o f  the success of these 
silos will be published later.
The previous discussion of foundations applies in general 
to this class of silos, but circumstances may arise where it 
may be desirable to use^tile beneath the ground. It has no* 
been fully demonstrated that any clay product but a hard 
burned vitrified tile or brick will withstand such use) there­
fore the construction shown in Plate V  has been adopted. The 
tile in the foundation are stood on end and filled with concrete. 
Outside of the tile, four inches of concrete is filled in. If the 
soil is firm, no form will be needed below ground and above 
ground a circle of tile may be laid up temporarily to make a 
form for the protecting concrete. In this way the use of 
expensive forms may be dispensed with entirely. If it is 
found that the tile are fully protected in this way, it will be 
best to lay them horizontally, making the foundation as frost 
proof as any part of the structure.
The construction of the walls is very completely shown in 
Plate V  and figure 41. The tile blocks, which may be of any 
of the common dimensions in use, are laid in a rich cement 
mortar. The blocks shown in figure 41 are 5 by 8 by 16 inches, 
but blocks 4 by 8 by 12-and 4 by 5 by 12 inches have been used 
successfully. To make a smooth wall the blocks must be bent
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to  th e  c u rv a tu re  o f  th e  s ilo .  S e v e ra l m a n u fa c tu re rs  a re  n o w  
p re p a re d  to  fu rn is h  th e  b e n t b lo c k s  w i th o u t  g re a t  a d d it io n a l 
cos t.
Pig. 41, The Wall of the Iowa Silo During Construction 
At the Right May be Seen the Steel Reinforcement 
Which is Placed in the Mortar Joints
The door frames are of concrete as shown in figure 42, which 
is a photograph taken before the walls- were plastered. As- 
seen from this figure, the concrete is placed at the ends of the 
tile of the wall, and though not shown, the concrete extends ' 
back into the tile from 4 to 8 inches, bonding the-frame secure-: 
ly to the tile of the wall. The distance this runs back into the
Pig. 42 . Inside of Concrete Door Prame for 
Iowa Silo Before Plastering
62
Bulletin, Vol. 9 [1908], No. 100, Art. 1
http://lib.dr.iastate.edu/bulletin/vol9/iss100/1
152
wall depends upon the amount of tamping and the amount of 
water in the concrete. Figure 43 shows in perspective the 
form for making the door frames.
In order to show in detail the two parts, they are represented 
•a small distance apart. Figure 44 shows the forms of the 
drawing in actual use. Part A  fits on the inside of the wall 
and has strips for forming the shoulders for the door to rest
IOWA 5IL0
Fig 43 Drawing of Forms for Making the Concrete Door Frame 
of Fig. 42
against. Part B fits on the outside of the wall and js clamped 
to A  by bolts long enough to reach through 2 by 4 inch pieces 
on each side of the form and extending across the large open­
ing' The inner extension to part B for forming the inside
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face of the doorway makes a good fit with the opening in part 
A  and extends through it. The lower board indicated by A  
is ^  loose to permit the lower part of the form to be filled 
with concrete. D is a section of the form when drawn to­
gether. By the use of a fillet or a cove mold, a finished edge
Fig. 44, The Forms of Fig. 41 in Use
may be given to the outside edge of the dooy way. The door, 
to be used in the concrete door frame made by this form is’ 
shown in figure 29. %
. Any one of several methods of reinforcement may be used 
m the Iowa silo. In the silo of figure 40 the reinforcement 
consisted of hard No. 3 steel wire laid in the mortar joints. A t 
the right of the figure, two strands of this wire may be seen 
on the tile before being covered with mortar. This wire, which 
when purchased is received in coils, is drawn through a sec­
tion of one inch pipe bent sufficiently to straighten the wire 
until it takes the curvature of the silo wall. If extending en- 
tirely around the silo, the ends are lapped and bent so as to 
form a loop at the ends,, or if the reinforcement extends into 
the side of the door frame, the loop is made to encircle the 
vertical reinforcement which should be placed there. A  i^-inch 
rod was used in the experimental silo at each side of the door­
way about two inches from the surface. In using steel for
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reinforcing, it should all be thoroughly protected from rust 
by imbedding it within the concrete. ■
The Christensen system of reinforcement might be used to 
good advantage or, in other words, tile blocks could be used 
instead of brick in the Christensen silo. For the amount of 
steel to use see Plate I. i
C O N T IN U O U S  D O O R .
The advantages of a continuous door making it possible to 
climb a ladder on the inside of the chute and step directly on to 
the silage without even stooping would be appreciated by all 
and especially by the man past middle age. Figure 45 shows 
a general plan of a proposed silo which will have a door with 
nothing extending across it. The doors could be of any height, 
perhaps simply tongued and grooved plank sawed as long as 
width of door. The chute is built with the rest of the silo, oi 
the same masonry construction, and the reinforcing steel 
passes around the chute. The portion of the wall at B in the 
figure is only supported at A  and C. However, for concrete 
brick or tile, a light steel rod may be laid in the wall approxi­
mately as shown, which makes a reinforced beam of that por­
tion of the wall that if properly built will withstand the silage 
pressure.
If this chute were roofed over, the doors could all be left 
out and no warm air escape. Windows should be provided at 
frequent heights along the chute thus providing plenty of light 
within the silo. The silage chute .is quite essential and should 
be as permanent as the rest of the silo. This being the case 
the extra expense of a door of this type is entirely justified.
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ESTIMATED COST OP IOWA SILO.
Size 16 feet in diameter by 35 feet high.
Excavation—3 feet d e e p ........................................... .......... $ 6.00
Amount of concrete required—
Foundation ...................................................................5 yds.
Floor ......................   . . . . . . . . 3  Yds.
Door Frames ......................................................  1  Yd.
Total ........................................ .................................9 Ydg.
Labor at $1.75 per y d . . .............. . ............. ..................... ....$15.75
Gravel at $1.25 per yd.;_ __ . . . . ....... ................................... n .25
Cement—7 bbls. @ $1.50...................... . .................................  10.50
Total cost of concrete....................... ....................... ..........  37 50
Walls:
Tile, 2,000 5x8x16 @ $65.00 Per M.......................... .. 13 0 .OO
Labor of laying—Mason 6 days at $4.00.......................... 24.00
Labor of laying—two Helpers—6 days @ $2.50 each.. 30.00
Mortar for laying—
Sand 2VZ Y d s.........  . ....................... ................................  3.12
Cement 8 bbls. @ $1.50...................... . . . . ....................  12.00
Lime 1 bbl................................................... ........... . 1.25
Total for mortar............................... ................ 16.37
Steel . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... ........... .......................  15.00
Forms for Door Frames............................................................ 12.00
Doors @ $1 . 00. . . . . . . ...............................................................  6.00
Steel ladder @ 12 per s tep .. : . .................... ............... . 3.09
Concrete roof •.............................. ................. ............ ............. 65.00
Total cost ....... ............................ ................................................ ......... $344.87
A frame roof may be constructed for about $40.
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Pig. 46. Success Tile Block Silos 
THE SUCCESS SILO.
Since designing the Iowa silo, it has been learned that tile 
blocks have been used for' silofconstruction in Ohio for at least 
six years. The silos shown in figure 46 are known as the 
Success silo and are constructed from patented blocks. These 
blocks are heavier than the common building block and they 
are laid on end. The walls are made strong enough to resist 
the pressure of the silage by the use of a U shaped key of the 
same material as the block which slips over the p |||| walls and 
is just large enough to lie between the two partition walls of 
the block above, thus doubling the strength of a single bond.
The Section obtained the names of the owners of 26 of these
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silos and sent a letter of inquiry to each, obtaining 20 replies. 
In every case the owners were pleased with their silos. Some 
of these silos have been in use six years and were reported in 
as good condition as when first erected.
Fig. 47. A Silage Stack Showing the Rue Com­
pressor in Use
THE SILAGE STACK CO M PRESSO R.
Figure 47 shows a silage stack compressor in use. This 
device consists in frames to be placed above and below a silage 
or fodder stack and which are drawn together by a power 
lever and chain device. By exerting a great force upon these 
frames the air is excluded from the body of the stack ana 
spoiling or rotting prevented except at the surface where the 
air is in direct contact. It is expected that a certain amount 
of the silage at the surface shall spoil. The Experiment Sta­
tion has tried one of these compressors and from investiga­
tion has determined that silage under good conditions may be 
preserved one foot from the surface. This device, less the 
frame work, costs only about $35 and, where a silo cannot be 
constructed for any reason, it may fill an important field.
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